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Abstract
Lung diseases in pigs are among the most important health problem in pig husbandry, and generally treated with 
antimicrobials. To reduce the amount of antimicrobials used in pigs, we tested the preventive effects of freeze dried garlic 
added to feed on an infection with Actinobacilluspleuropneumoniae (APP).
Thirty male pigs of about seven weeks of age were aerosol challenged with APP serotype 2. Fifteen pigs received 5% 
(w/w) garlic added to their diet (Garlic group), from two days prior to infection until four days after infection. The others 
received the a standard diet (Control group). 
There was no difference in the number of pigs with symptoms of lung diseases. 48 hours after infection, the number of 
white blood cells had significantly increased in the Control group but not in the Garlic group. In the Control group a 
positive correlation (p<0.001) was found between the occurrence of clinical respiratory disease signs and pathological 
findings. This correlation was not found in the Garlic group (p=0.15). We conclude that feeding high concentrations of 
freeze dried garlic does not prevent an APP infection, however, it affects the course and reduces the severity of an APP 
infection
Introduction
The development of antibiotic resistance possibly due to the use of antibiotics in animal production has resulted in a 
growing public concern (Rijsman et al., 2010). Organic farms aim to produce animal products without the help of 
antibiotics, mainly through preventive and stress reducing measures, but also by using alternative curative treatments. Lung 
diseases, endo- and ectoparasites and diarrhoea are the main health problems in Dutch organic pig herds. Actinobacil-
luspleuropneumoniae (APP) is a lung disease which is prevented by vaccination or treated with antibiotics (Van der 
Meulenet al., 2006). Dutch organic pig farmers are looking for alternatives to reduce the use of antibiotics and prevent 
APP. Garlic is a possible immunostimulant and has an anti-microbial activity (Sohnet al., 2009; Harjaiet al., 2010; Liu et 
al., 2010). Volatile sulphurous compounds are essentially responsible for the garlic smell of the exhaled air, and allyl 
methyl sulphide (AMS) is one of the most stable decomposition products of garlic in the body. AMS can exert antibacte-
rial effects in the lungs (Hell and Kruse, 2007; Kyung and Lee, 2001). In vitro tests with AMS showed an antibacterial 
effect against APP serotype 9: it impaired the in vitro growth rate by 8% (unpublished data). The present study aims to test 
the preventive effect in vivo of freeze dried garlic added to feed on an infection with APP.
Material and Methods
Thirty male pigs of about seven weeks of age were aerosol challenged with APP serotype 2 (reference strain 1536) in a 
stainless steel incubator. Aerosols were introduced with an Aeroneb™ Pro micropump nebulizer (Aerogen Ltd., Galway, 
Ireland). 5 ml of the inoculum containing 1x109cfu/ml was completely dispersed within 30 minutes. Fifteen pigs received 
a 5% (w/w) garlic constituent of Enteroguard™ (Orffa Additives, The Netherlands) added to their diet (Garlic group), from 
two days prior to infection until four days after infection. The others received a standard diet (Control group). Body tem-
perature, appetite, and behaviour of all pigs were monitored daily. White blood cells (WBC) were counted three days 
before the exposure and at day one and three after exposure. At four days after exposure the pigs were euthanized. Gross 
pathology findings were recorded, tissue samples were taken and lymph nodes were histologically and bacteriologically 
examined. AMS was measured in blood sampled from the pigs at the day just before the exposure and at day four after 
exposure.
The analysis of variance was applied to test the effects of the garlic diet on WBC count at days 1 and 2 after inoculation. 
Differences of lung weights between the two groups were analysed by using a two tailed Mann-Whitney U test. 
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Occurrence of pneumonia was compared between both groups by Fischer’s exact test. For each treatment Spearman’s 
rank correlation coefficient was used as a measure of association between the rankings of clinical sign severity and post 
mortem severity scores on the animals.
Results
Feed intake was temporarily reduced in the afternoon following the challenge with APP (Table 1). The AMS content in the 
garlic-fed group before challenge (i.e. 4 days after the 5% garlic administration), was lower (324 ± 128 nM) than at day 
4 after challenge (i.e. after 9 days of administration (422 ±194 nM)). The differences between the average AMS content 
before and after challenge were not statistically significant. In the blood of the animals from the control group no AMS 
was detected above the minimum detection limit of 4 nM (Table 1).
Table 1: Average feed intake and standard deviation and average AMS content in blood of the pigs and standard 
deviation in the garlic fed group and in the control group.
In 35% of clinical recordings respiratory symptoms were observed in both groups, but no difference was seen between 
the two groups (Table 2). Increases in body temperature of >39.5°C were seen in 3 out of 15 pigs of the garlic-fed group 
and in 8 out of 15 pigs from the control group. Also, a lower percentage of recordings with an elevated body temperature 
were observed in the garlic-fed group (8.3% vs. 17.5%). In both groups, a significant increase of WBC count was 
observed at one day post infection (p < 0.05). However, at three days post infection, WBC count was still significantly 
elevated in the control group (p < 0.05), but not in the garlic-fed group.
One pig of the control group died 24 hours after inoculation due to severe pleuropneumoniae. During gross pathology 
examination, seven pigs of the control group had pleuropneumonia, pneumonia and/or pleuritis. In the garlic-fed group, 
five pigs had a pleuropneumonia, pneumonia and/or pleuritis. Inflammatory changes such as oedema or cell infiltrations 
can influence the relative lung weight. The mean relative lung weight was increased in the control group compared to the 
garlic-fed group (control group: 1.21 ± 0.15 %; garlic-fed group: 1.13 ± 0.10 %), indicating a protective effect in the 
garlic-fed group, reducing inflammatory changes after infection (p = 0.06). 
A positive association between the occurrence of clinical respiratory disease signs and pathological findings was seen in 
the control group (p < 0.001), but not in the garlic-fed group (p = 0.15). It appeared that pigs from the garlic-fed group, 
which had shown clinical symptoms, had not necessarily developed pathological lesions.
Table 2: Summary of the results after challenge with Actinobacilluspleuropneumoniae serotype2 
a Number of recordings with respiratory disease signs/total number of clinical recordings after challenge
b Percentage of recording of a WBC count > 20 G/l one and three days post infection
Discussion
The clinical and pathological changes induced were mild and comparable with most APP infections in pig farms. The 
effect of garlic on the clinical symptoms could not be shown in this study. However the lower lung weight in the garlic 
group compared to the control group and the lower WBC counts for two days in the garlic group compared to the control 
group suggest a reduced inflammatory response. The effects of garlic in this study were achieved with 5% of freeze dried 
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garlic added to feed. In practice 1% is advised to be cost effective. Future studies are necessary to determine the dose 
effects relationship of garlic and prevention of the clinical signs of an APP infection.
Conclusion
It seems that feeding high concentrations of freeze dried garlic does not prevent an APP infection, however, it affects the 
course and reduces the severity of an APP infection.
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